Despite indications that recreational virtual reality (VR) experiences could be beneficial for people with dementia, this area remains unexplored in contrast to the body of work on neurological rehabilitation through VR in dementia. With recreational VR applications coming to the market for dementia, we must consider how VR experiences for people with dementia can be sensitively designed to provide comfortable and enriching experiences. Working with seven participants from a local dementia care charity, we outline some of the opportunities and challenges inherent to the design and use of VR experiences with people with dementia and their carers through an inductive thematic analysis. We also provide a series of future directions for work in VR and dementia: 1) careful physical design, 2) making room for sharing, 3) utilizing all senses, 4) personalization, and 5) positioning the person with dementia as an active participant.
INTRODUCTION
An initial focus in dementia and design research has been the tackling of cognitive deficits and other behavioural symptoms in people with dementia [37] ; however, more recent research has followed more social and interpersonal lines, by paying attention to networks of care and aesthetic experience in dementia [39] . A similar initial focus on medicalisation has been faced by the development of virtual reality for clinical populations [12] . Virtual reality refers to the computer-generated simulation of a three-dimensional environment that can be interacted with by a person using equipment such as head-mounted displays (HMDs) or VR gloves [54, 32] . For those facing neurological impairments such as acquired brain injury through to learning disorders; neurological rehabilitation through VR has been a wellresearched topic for several years now [49] , encompassing aspects such as executive dysfunction, memory impairment and attention deficits. Despite early indication that such measures are suitable only for those in the earlier stages of the condition, virtual reality for people with dementia in the later stages of the condition, who may benefit more from reminiscence and sensory stimulation rather than cognitive training [45, 62] , has not been addressed.
Recent leaps in the field have seen virtual reality become an increasingly everyday technology; however, the potential for the field's impact upon healthcare has been anticipated for decades [49] . VR has been used in the treatment of psychological dysfunction including PTSD, phobias and eating and body image disorder, as well as in pain management to distract from uncomfortable procedures [18] . In the field of dementia, however, VR has been implicated overwhelmingly in the assessment and rehabilitation of cognitive processes [9] , and more recently has been suggested as a method of delivery for exergames [10] . However, these applications ignore the potential for virtual reality as an expressive and creative medium to allow people with dementia to experience new, exciting, stimulating and potentially therapeutic environments entirely separate from the stress of cognitive assessment: a procedure which can be dehumanising for people living with new cognitive impairments [8] . This paper presents design research which aimed to explore opportunities and challenges inherent to the use of new (and often unfamiliar) VR technologies with people with dementia and their carers. We carried out two workshops with seven participants living with or caring for dementia in order to first learn how they experienced VR environments, trying out various environments, and discussing what they would like to see in a new set of VR environments. A second workshop focused on evaluating these new environments and suggesting more directions for future experiences. Within both workshops, we built in an extended engagement with Thomas and Janet, for whom we built a bespoke VR environment. The main contribution of this work is to provide the first set of design directions for creating VR experiences for and with people with dementia. As increasing numbers of recreational VR applications for dementia come to the market [55] , it is important to ensure that these experiences are optimized for people with dementia, and to take advantage of the growing movement within HCI to respect the expressions of experience by people with dementia and their carers in designing new and sensitive technologies. This work therefore provides a starting point for new research in immersive experiences for people with dementia.
BACKGROUND
Design research in dementia has recently seen several ideological shifts, moving focus from work previously dedicated to improving 'gaps' in cognition for people with dementia to encompassing a more holistic picture of what it means to live well with a diagnosis of dementia [39] . The following section unpacks some of this design research to identify what has motivated this shift, before moving on to specific considerations drawn from previous work for virtual reality within the area of dementia.
A new way of thinking about design and dementia
Dementia is often represented as a 'loss of self' [25] , or a condition which disrupts and fundamentally changes or even removes the identity of the person living with dementia [33] . Dementia is an umbrella term for a variety of symptoms, but is most usually used in reference to a progressive loss of memory in older age due to a degenerative brain condition [1, 21] . The condition also brings with it symptoms of executive dysfunction such as disruptions in the ability to plan and carry out complex tasks. However, as the condition progresses, symptoms such as impairment of short term memory and other cognitive processes can worsen and be compounded by issues such as changes in communication styles (often moving to non-verbal forms of communication [26] , and feelings of frustration, anger and uselessness as independence is curtailed by a move into living in care [43] .
Recent work in design and dementia has had a concerted focus on creative methods of interaction [37] in order to offset the decline of communicative capabilities. Authors such as Lazar [29] and Morrissey [38] indicate that dementia is too often configured as a problem of cognition, when in fact many issues that arise as part of dementia are socially constructed [15] . For people with dementia, creative practice places emphasis on multimodal forms of communication and expression [1] -for example, the tactile feeling of working with clay or paint or materials, and the physical exertion and closeness to another experienced during dancing can provide opportunities to connect and express emotions and thoughts that are difficult to express in verbal conversation [46] . In their important ethnographic work on creativity in dementia care, Killick & Craig [23] describe an encounter where a participants' engagement with his creative task had them wondering if he really had dementia at all; in this way, immersive, flow-inducing experiences have the potential to allow people with dementia to display skills that are often thought to be lost to the disease itself.
Killick & Craig's work in creativity [23] with people with dementia has been compounded by a shift in design research which has seen an increased attention paid to creative expressions of choice and personhood. This is perhaps most strongly seen in the work of Jayne Wallace, who describes personhood as '"… something internally changing and externally nurtured through relational and social contexts, continually constructed by the peculiarities of experience and relationships" [60, p. 223] . Her design work with people with dementia, culminating in the redesign of a 'reminiscence room' in a dementia care ward [59] , and the slow and involved process of designing digital jewellery to encapsulate the personhood of Gillian [58] , newly diagnosed with dementia, has been pivotal in motivating this shift.
The potential for virtual or augmented reality environments for aesthetic appreciation in dementia is precipitated by [38, 40] , an ethnographic study of creative musical experiences in care for people with dementia culminating in the design of digital tools to foster group movement within musical interactions. The authors describes how, one day, a resident named Fionnuala, watching a concert DVD of musician Daniel O'Donnell, is "interacting with the wall-hung television as though she were at the concert itself." Fionnuala sings along, waves at the singer as he winks into the camera, "blows kisses, and applauds wildly at the end of every song." While her disconnection from reality may seem disturbing, Fionnuala's engagement with media clearly allowed her a sense of pleasure and connection in the otherwise quiet and disconnected social environment of the care home.
Arts-based approaches to aesthetic experience in design research with people with dementia therefore clearly have the potential to position people with dementia in new and critical ways, which shine a light on their existing skills, proficiencies and preferences. In [38] , music and performance is leveraged as a way of including people with dementia in design processes for technologies to support a sense of community in publicly-funded care. In [29] , the authors draw on the concept of the "Third Hand," a practice in art therapy to allow therapists to attune to the creative wishes of the client, to understand how to empower creative work and sharing among older adults with cognitive impairments. What the aforementioned studies share is an approach to dementia not as a collection of deficits, but as an opportunity to use creative digital techniques to explore themes of personhood, community, immersion and expression.
What they also share is a commitment to the meaningful inclusion of people with dementia as co-designers in the creation of technologies that will affect their futures. This is a thread of research initiated by researchers such as Lindsay [31] , Hendriks [16, 17] and Holbo [19] , who leverage traditional participatory design techniques to interrogate what it means to include people with dementia as full participants in a co-design process. In doing so, research such as this necessarily reinvents what is seen as participative in order to incorporate a fuller spectrum of human experience and expression -for instance, paying attention to bodily movements instead of prioritizing verbal expressions. This movement towards a holistic consideration of participation in dementia is once more one which could prove valuable in evaluating the embodied and immersive experiences of virtual reality in dementia; however, previous work in the area is lacking, as is described in the following section.
Media and virtual reality experiences in dementia
Much design research in dementia has focused on the creative use of media in order to facilitate reminiscence or social interaction. In Wallace's aforementioned 'Tales of I' [59] , a room in a dementia care becomes a 'reminiscence room', containing an old-style television and unit of shelves which were filled with thematically-ordered 'orbs', which, when placed on the television, would trigger a short film that was linked to the orb's theme -e.g., football or a day by the sea. Gaver et al [13] created the Photostroller, a mobile 'stroller' fitted with a television-like screen and dials which could be used to change media, similarly intended to engender chat within an aged care facility. Other technologies [4, 2] have used mobile devices in the design of reminiscence experiences for people with dementia, once more primarily using materials thought suitable for a general age range of participants with dementia.
The method of delivery for many of these media experiences has differed; however, virtual reality has not been explored as an immersive way to deliver media experiences for people with dementia. This is despite fairly widespread use in the rehabilitation of various neurological disorders, where it has found use through its ability to present ecologically valid testing and training scenarios, more controlled stimuli, and increased user participation [45] . Flynn et al [11] examined the feasibility of VR for people with dementia by testing the extent to which people with dementia could perform several functional activities (e.g., mailing a letter). The study indicated that people with dementia experienced a sense of presence in the virtual environment, felt in control of the interaction, and could use a joystick with ease. However, the study primarily tested functional abilities and collected little data surrounding users' views and experiences apart from reporting that the system was "well-received". Similar approaches are taken by Cushman et al [9] and van Shaik, Martyr, Blackman and Robinson [56] , both of which use VR to assess wayfinding and report little on subjective experience of the virtual environments. Some of the best evidence we have on the use of VR or augmented reality comes from [51] , whose observational work on recreating past memories for people with dementia through virtual worlds (using a Kinect system) indicates how participants "expressed a strong sense of "being inside" the [virtual world]" and who interpreted and interacted with the virtual world in ways which highlighted their sense of self.
A discussion of the use of VR in dementia by GarciaBetances et al [12] once more primarily focuses on the potential for VR in cognitive training or rehabilitation in dementia, though it devotes some space to the use of robots such as Paro and the concept of video respite, a videotape application that simulates the visit between an actor in the video and the person with dementia in order to provide respite for the caregiver as the person with dementia is occupied by the video. The authors conclude that the lack of use of VR within dementia is surprising, given its growth and anticipated growth as a clinical population. VR, they write, "can help us understand more about how persons with dementia interact with their environments -whether physically with the objects or socially with other people in their surroundings" [p. 12] . However, building on research by Siriaraya [51] , we suggest that it can go further than this to become a technology which is enjoyable, enriching and imaginative in its own right for participants with dementia.
It is important to address the factors which may have held VR research in dementia back in such a significant way. In doing this, we will also articulate why we might expect VR experiences for people with dementia to differ from those created for neurotypical individuals. Rose, Brooks and Rizzo [45] suggest a cost-benefit analysis which looks at appropriateness (match to group characteristics), individual factors (immersion, functional abilities and generalizability), and ethics (the possibility of inducing harmful psychological consequences). Virtual reality can be overwhelming [30] many people report disorientation and motion sickness, which can deter users quite significantly. People with dementia live with cognitive and perceptual changes that can change the experience of immersive technologies [45] ; beyond this, people with dementia and their carers are often considered to be "technophobes" who cannot use technology [37] . In fact, however, we have found that people with dementia and their carers generally can and do use technology, but in ways which we typically do not anticaipte and which deserve further study [28] . For these reasons, we believe that VR experiences for people with dementia and their carers must be designed in different and sensitive ways. Complicating this is a longstanding wish within HCI to protect people with dementia (and other vulnerable participants) [61] , and if possible, to intervene only when we are assured our intervention will improve their lifeworld. However, this protectionist paradigm is not likely to radically improve the lives of people with dementia unless we are prepared to experiment within reason. The burgeoning call for work in dementia which speaks to the creative potential of people living with the condition is therefore reason enough to explore VR as a medium for enjoyable experiences.
METHODOLOGY
The primary aim of this project was to explore, via collaborative workshops, initial reactions to virtual reality environments for people living with dementia. A secondary aim was to design a personalized experience with a couple, wherein the wife was living with dementia, in order to explore, in some depth, how the technology could be harnessed to provide aesthetically engaging and pleasing virtual reality experiences. The study structure consisted of one scoping workshop, followed by a period of design and iteration based on participants' feedback, which was then followed by a further workshop to evaluate the completed virtual environments. Appended to both workshops was an extended engagement with Thomas and Janet, the couple living with dementia.
Participants and setting
We recruited 7 participants -three couples or family pairs where one person was living with dementia, and one older man who was attending the sessions on his own with a mild diagnosis of dementia. These participants were recruited through a local registered charity ('Bluebell Grove'), who had expressed an interest in virtual reality in dementia through social media channels. Participants are listed in table 1, with all participants with a diagnosis of dementia italicized. All participants who had a diagnosis of dementia had received a diagnosis of Alzheimer's type dementia, the most common cause of dementia.
Name & relationship Age
Dorothy (John's wife) 82
John (Dorothy's husband) 84
Lucy (Jessica's mother) 83
Jessica (Lucy's daughter) 51
Michael (Linda's husband) 53
Linda (Michael's wife) 53
Phillip (attending alone) 54 Our small sample size is in part because of documented difficulties in recruiting people with dementia and their carers outside of formal care [15] , as well as restrictions on informed consent in dementia [3] . Although only 4 people with dementia took part in the project, 3 participants were carers and it was our intention to include them as fully as possible; their participation is as valued as the person with dementia. This is based on a growing body of research that places emphasis on the social context of the person with dementia and the importance of including loved ones and carers as consultees in research, and in general, valuing them as part of the care ecology in dementia [8] .
Bluebell Grove also provided the setting for the workshop. The charity describes itself as "the charity that provides places to go and things to do for people living with dementia" in the locality. The charity operates out of two main locations, both community centres, and shifts between these settings in order to ensure their services are accessible by a variety of residents of the locality. Our workshops were carried out as part of an afternoon tea session which ran weekly on Mondays, where participants are invited to attend to socialize, listen to music, and have tea and cakes. Many attended with family members; others were dropped off or attended alone; and still more attended from a local care home. The sessions were free to attend, and the level of dementia was mixed. The group adheres to the "Butterfly Method" [50] , which means never correcting a person's beliefs or understanding. Bluebell Grove aims to simply "stay with the person in whatever time or space they believe themselves to be".
Ethics
Ethical approval was gained from Newcastle University's Ethics Committee. Particular attention was paid to configuring informed consent for people with dementia within this study. As the level of dementia was mixed within Bluebell Grove's afternoon tea groups, researchers had to be careful to carry out a capacity assessment as detailed in the Mental Capacity Act 2005 [3] . This assessment was carried out by Morrissey, who is a trained psychologist with five years' experience of working with people with dementia. The assessment consisted of four steps: a) we told participants what was going to happen during the research meeting and why, and that the data may be used in a publication or written about in a thesis; d) she then told them that she was going to check again after the session and at the next workshop whether they are happy to continue in the study.
We also wished to ensure that the VR experiences were as safe as possible for our participants. We therefore reviewed literature describing the risks of VR [30] -prime among these were concerns around participants feeling nauseous after using the system, and participants moving around in the environment while wearing the headset and thus causing injury to themselves or others. We ensured that participants knew about the possibility of feeling sick, and also asked carers to try the headset before the person with dementia. We also ensured that participants were seated while trying the headset on, and ensured that all environments used were passive, relaxing environments. As an introduction to the study, we spoke in detail about what participants could expect by wearing the headset and experiencing the virtual environment. If a participant expressed doubt or wished not to take part, we respected their wishes and moved on.
Workshops
We carried out our workshops as a part of Bluebell Grove's afternoon tea sessions on Mondays. We held two workshops, organized flexibly in order to make space for normal afternoon tea activities to take place. Our aim within these workshops was to gather enough information about the participant group to create a series of virtual reality environments that could be interesting for them even after we had left -Laura, head of the charity, had expressed this wish strongly. In the first workshop, where participants were seated in a horseshoe shape, we visited each participant or participant couple one at a time, first taking the time to introduce ourselves and the research we were carrying out. We then described the process of trying out the VR experiences, showing participants pictures of people trying out the headset, and then displaying a selection of the headsets we had brought along (figure 1, above). We then asked if the participants would like to try the VR experience out. One simple VR experience was created for this workshop: a simple apartment, which allowed participants to turn their head and see out of a window. This was chosen for its neutral nature. After participants had tried out the VR experience, we spoke to them about what they had liked, disliked and would wish to see in the future in an experience such as this. In order to probe these conversations, we brought along several images of VR and real environmentsthese were environments such as libraries, museums, forests, beaches, and cities. During workshop one, we spoke for an extended period with one couple, Thomas and Janet, who expressed a wish to have a bespoke environment created for Janet. Having recorded these conversations and also reflecting on the work later in field notes, we then spent a period of three weeks refining the VR environments to reflect the wishes of a) the larger group of participants, and b) the specific wishes of Thomas and Janet.
In the second workshop, we set the participants' seating up in a similar way, and moved around the group in the way we had before. For this workshop, we had created two different environments for the group at large: a park, based on a local park in the area, and a tropical beach with a horse running along the sand. Both environments were completed with a set of ambient sounds: i.e., wind, waves crashing, and birdsong. We had also created a bespoke environment for Thomas and Janet: a concert hall with her favourite singer performing onstage. We took a conversational approach once more in workshop two, approaching each participant group, reintroducing ourselves and then asking if they would like to try the VR experience. Once more, conversations were recorded and field notes were taken onsite and later fleshed out to inform our findings. A short interview was also carried out with Thomas and Janet in order to evaluate the bespoke VR experience in more depth.
Data collection and analysis
Data was collected through two main ways: 1) through careful field notes taken by Hodge, supplemented by audio recording of the sessions, and 2) through short interviews (> 30 mins) carried out with key participants (Thomas and Janet). These short interviews were semi-structured; Thomas and Janet were first asked about their past, their lives together as a couple, and the leisure activities they carried out together. A second interview with Thomas and Janet focused on an evaluation of the bespoke VR environment created for Janet.
These data were combined and analysed in NVivo using Thematic Analysis, which is a method for identifying and interpreting patterns across datasets, suited to exploring under-researched areas [6, 7] . We used an inductive approach to thematic analysis, where codes and themes were developed from the data content. The analysis aimed to answer the question, "what are some of the opportunities and challenges present when designing virtual reality experiences for people with dementia"?
Figure 1: From sketching to final environment
The data analysis was primarily conducted by Hodge, in collaboration with Morrissey, both of whom were present at the research settings. We reviewed the data, the coding process, and the data coding through initial draftings and final write-ups. The data were read and reread several times, and then coding and analysis followed a four-step process. Data were initially coded using broad codes such as ''fun,'' ''relaxing,'' and ''intrusive.'' The second round of coding then focused on identifying patterns of meaning by recoding the entire data set. Codes were then collated in order to develop potential themes. In the third step, initial themes were created from the codes, such as ''freedom,'' ''down time,'' and ''togetherness''. The fourth stage saw us refine themes further, through revisiting the full data set to determine the fit of themes.
DESIGNING THE VR ENVIRONMENTS
It is worthwhile to spend some time describing how these virtual environments were designed and created. All three environments -park, beach and concert hall -were created using Unity and scripted in C#. We carefully planned the design of the environment in relation to the field of view of the participant. A key aim for us was the content to be easy for the participant to view; if we placed moving objects into the environment, we did not want the user to be rotating to follow the objects as this could cause them to feel sick. To further reduce risks of sickness or disorientation, we implemented a higher frame rate and used anti-aliasing; we also avoided the use of certain colours, and paid attention to the altitude of where the participant is in the environment.
Although we did not have sufficient time with our participants to effect a truly co-designed process, we did ensure we had enough time with Thomas and Janet in order to inform the building of a tailored environment for Janet. This was, in part, opportunistic -Laura had pointed the two out to us on one of our first visits, and Thomas had expressed a great interest in VR and a great proficiency with technology and 'gadgets', having set up their home with a large array of assistive technologies. Thomas wished to try the VR experience for himself first, and we demonstrated the apartment. He was immediately impressed -"I can see how this is advertised as the miracle child" -and we went about discussing how we might build a concert hall around Janet's favourite musical experiences. The results of this engagement are discussed in our findings, below.
FINDINGS
Our thematic analysis of data gathered from the workshops centres around three main themes featuring codes identified at the semantic level: a) feeling foolish and feeling free, b) seeking to share a new world, and c) blending the old with the new.
Feeling foolish and feeling free
VR was a novelty to many of our participants, and even to the staff of Bluebell Grove, despite Laura's interest in using VR as part of the recreational activities of the day group. We had anticipated this to a certain extent, which is why we brought along a set of pictures to display the VR experience in its entirety before asking participants if they would like to try. Part of this process was also demonstrating the different ways of using the VR system -through a head-mounted display, and through a handheld Google Cardboard display. At this point, participants all decided on the handheld display. When queried about this, participants indicated that they found the large, purple, head-mounted display intimidating. Thomas indicated that his wife, Janet, would prefer a head-mounted display initially:
Thomas: I honestly think it wouldn't matter. I can't imagine that she has the patience to hold something like (Google Cardboard) that for a long time.

James: Do you think they're a bit scary to use?
Thomas: She won't use in ear headphones, I have a pair of wi-fi headphones. But she never uses them … I'm the one with the toys. I can't imagine being happy with wearing that for long time.
However, in the second meeting with Thomas and Janet, the couple preferred to use the lighter Google Cardboard headset:
James: Do you think she could hold it by herself?
Thomas: She wouldn't be able to, but again, if it [the strapped headset] was a little lighter and with a strap then I think it would not be difficult. The weight [is a problem].
For the slight, frail Janet, both headsets were problematic due to their weight, and she could only use the Google Cardboard for a short period of time. Several others in the care group were pointed out by Laura as potentially interested in trying the system out, but later refused. James' field notes indicate that one attendee "wasn't keen on the idea of trying it … she continuously shook her head when I asked if she would like to try it, however I told her, "it's fine if you don't" and showed her some of the pictures instead." However, other participants mentioned a fear of looking foolish or looking silly when wearing the head-mounted display. In an interaction with Michael and Linda, a couple where Michael was living with dementia, we discussed different VR headsets. "I prefer the smaller one", she indicated, gesturing to the Google Cardboard. When asked why, Linda mentioned that she found the larger ones to be "rather scary" despite acknowledging that they were easier to use for extended periods. The main issue indicated in field notes was that larger VR headsets "looked silly"; more participants mentioned they wouldn't like to be seen wearing the bigger versions, but did mention that they liked the comfort of the sponge casing.
For people with dementia, the fear of looking 'silly' is often a significant one. The first symptoms of dementia often manifest most visibly in social situations: losing small items such as keys or glasses or forgetting names of acquaintances. These changes in cognitive capacity and social abilities are often accompanied by changes in how people view the person with dementia -Nolan et al [41] report how people with dementia indicate that others tend to 'stand back from dementia, because it's too heavy' -and as the condition progresses, behavior may deviate even more markedly from the norm. In cases such as this, it is understandable that participants with dementia may want to protect their dignity by not taking part in activities which have the capacity to make them seem 'silly'. Beyond this, the unfamiliarity of the experience may have been prohibitive, even after spending a period of time describing the experience and demonstrating it ourselves.
Running counter to initial reticence around trying out the VR environments is a sense of freedom and enjoyment seemingly enjoyed by participants once they tried the headset and the environment. James' field notes indicate that, once using the headset, participant Phillip's "attitude towards it changed completely." Phillip's dementia was mild, but his verbal ability was compromised by a recent stroke. Still, our field notes report his verbalisations during the use of the headset: A similar enlivening effect was seen in the bespoke design of the VR environment for Thomas and Janet. Similarly rarely verbal, Janet was a fan of country music and Shania Twain in particular. Having spoken to the couple in depth in earlier sessions, we followed their requests to create a simple concert environment that replicated the sense of being within a large concert hall. The music of Shania Twain was played in the background and on a screen backing a figure of the singer on a stage below. Due to her slightness, Thomas aided us in helping to hold the VR system to Janet's eyes for her to try out the experience. Once more returning to field notes, James' notes indicate that "straight away [Janet] 
Seeking to share a new world
Most of the participants we involved in the project came along as couples or parent-child pairs. Many of the participants reported that the afternoon tea sessions at Bluebell Grove were an opportunity to spend meaningful time in public with their loved ones, but also to access social support and advice from professional carers and from others facing the challenges of dementia. Sharing experiences was important for our participants, many of whom expressed a wish to be able to share in the same 'live' VR experience as their partner or parent. When asked about this, participants shared experiences from their lives which indicated that meaningful shared experiences with their loved one with dementia had changed recently or decreased in frequency. For instance, Linda, whose husband Michael had dementia, mentioned that the couple no longer drove and had to use public transport, due to Michael's dementia. This meant that the two could not visit favoured locations together, and so she indicated that the VR park and VR beach could be used to supplement their recreational activities and allow them to experience a semblance of the sorts of activities which used to mean very much to them.
In speaking with Thomas and Janet, the need for a shared experience was expressed extremely strongly. We asked Thomas to share some of his history with Janet in order to help inform the design of the VR environment: Thomas' story of his wife's cognitive decline is an affecting one due to the importance he places on entertaining his wife as a way to share an experience with her. His frustration is evident -he states that "she can't do a damn thing" -but still seeks to share an experience with his wife. Other duos had excited exchanges surrounding the VR system -Lucy and Jessica were a mother and daughter couple attending the tea session together. Jessica's excitement at trying the system which she had only seen on television prior to this spurred her mother on to also participate with enthusiasm. James' field notes here indicate that: Here, the initial reticence displayed in being confronted with an unfamiliar system dissipated when a loved one -here, Jessica, an adult daughter -served as an entry point into the experience. This shared experience then allowed for easy conversation with the two afterwards. In this way, the technology may serve as a 'ticket to talk' [5] -a novel experience that provides an excuse or conduit for conversation.
Blending the old with the new
A common objective in much design research with people with dementia is to provide familiar experiences or use familiar media. This is usually employed as an objective due to the nature of dementia -short-term memory is often lost first, with long-term memories affected last of all. There is also a commonly-recognised 'reminiscence bump' observed between the ages of 18-30 [22] , where memories encoded in this period seem to be easier to retrieve in later life. As a result, much design research in dementia has attempted to 'cast back' to earlier, positive memories [4, 2] -or even to modify the physical design of objects in order to make them appear 'older' [59, 60] . The environments we created were not set in any particular time period -and notably, none were requested by the participants that we worked with. However, participants did report interesting tensions between old and new experiences when interacting with the VR system.
Thomas sought new ways for Janet to express herself now that her dementia had progressed and she is unable to take part in the sorts of activities she carried out in the past:
"I was an architect, so [I've] always been able to express [myself] manually but Janet couldn't. So, all she has done is listen to music and play music. She used to be in a choir so it's been a big part of her. She can really enjoy it."
In the absence of Janet's more usual ways of engaging with music, Thomas suggested that a theatre was an effective way of allowing her to experience something approaching live music once more. When we asked him to suggest the sort of music Janet would like, he used a pre-loaded YouTube playlist to inform us.
The careful design of the VR theatre environment allowed Janet to experience aspects of a familiar experience in an entirely new setting. Her reaction is immediately positive; a transcription of the session where she tries the bespoke environment for the first time indicates that she begins singing immediately, moves her head to look around the theatre of her own accord, and then says "boom!" before laughing merrily. Thomas then reflects on how he could see the system being used for others with dementia: Having seen his wife experience a new world via the VR system, Thomas indicates the sorts of experiences that would be "inspiring" for others with dementia: those which held emotional significance for them but which perhaps their physicality now did not allow them to take part in. Thomas places the person with dementia here in an active role despite their lack of physical ability -they are the ones experiencing the atmosphere of the stadium in all its dimensions and making sense of their experience in terms of their felt history [36] .
In an earlier theme, we describe how Michael and Linda indicated that a VR system could act as a missing link between their current situation -having to depend on public transport -and their past, where they visited many favourite places together. Another couple, John and Ruby, also tried the system out and reported enjoying it. However, from our field notes, Ruby indicated that "while she found it extremely interesting, she'd never use something like virtual reality as she'd rather just go to the beach as it's only a 10 minute drive away." Although Ruby mentioned that she could see others using the system, she stated a preference for the "real thing." She implicitly raises a question about the sorts of things we create virtual reality 'around' -we created pleasant but everyday environments for this project due to the initial wishes of our participants but also because we did not wish to show anything bombastic or frightening too early in our participants' journey with virtual reality. It's worthwhile to note that a priest visiting the group on one of the occasions we visited mentioned how a VR system could allow people to attend church from afar, but also to experience praying in new ways with the use of creative graphics and visuals, raising the possibility of VR to allow people with dementia to experience meaningful, personal situations in entirely new ways.
DISCUSSION
Our thematic analysis of textual data from our workshops and engagements with participants point towards three themes with codes identified at the semantic level: 1) feeling foolish and feeling free, 2) seeking to share a new experience, and 3) blending the old with the new. These themes indicate three areas where recreational VR experiences for people with dementia can be designed and can be improved. However, it is also worthwhile to position our work within previous design research for people with dementia.
Although Laura had approached us in order to talk about designing VR experiences for her clients with dementia, we did not anticipate the degree to which participants saw virtual reality as an opportunity to be together in meaningful ways with their loved ones. The common preconception is that virtual reality is an isolating experience [42] In our workshops, the VR system was an inherently social interaction and served as a point to talk about. As mentioned above, this has also been anticipated by Blythe et al [5] , who refer to "tickets to talk" after Harvey Sacks [48] . In their care home study, several technological tickets were used: 1) Google Earth Biographies, 2) Archive Photography Reminiscence, and 3) Digital Curios and Novelties. Conversing in dementia care can be difficult, even if people know each other well -McNaney et al [35] indicate that family carers are often not deterred by the communicative changes in dementia; instead, they are often unsure of what to talk about. VR as an experience or as a way of presenting interesting media may therefore serve as another ticket to talk -particularly seeing as the technology is gaining in its ubiquity and dropping in price.
In designing VR experiences for people with dementia, should we create environments which are novel and surprising, or stick to familiarity and 'old' experiences, given the participant group we are working with? The environments visited in this study were outside of time for the most part -beaches, parks, and concert halls -and the short time we had to engage with our participants meant that we did not have enough time to tailor elements of the environments to particular periods. When we design for and with people with dementia in general, we tend to create objects and interfaces which feel 'old' -this is ostensibly to ensure some familiarity for the person with dementia. Familiarity is often an aesthetic choice, and certainly key when it comes to function -if we want people to be able to use systems with any degree of complexity, we need to ensure their affordances are familiar and make sensehowever, VR offers the potential to go beyond familiarity to offer transcendental experiences. A final section of our analysis discusses a priest's wish for a VR system to deliver a new way of praying. It is also possible to imagine how elements of light and sensory therapy, as deployed in a Snoezelan room (a controlled multisensory room aimed at stimulating and soothing people with dementia or other cognitive issues), could be parlayed into an immersive virtual reality experience which provides even greater immersion. In this way, VR experiences in dementia do not need to be familiar in order to be enriching.
It is also worthwhile to reflect on what it means to carry out risky research in dementia. The bulk of design research in dementia has been carried out in sensitive and "safe" spaces -some of the most participative work has been carried out to co-create aesthetic objects with participants' own families [60] , whereas other design research has focused on the curation and display of generic media for reminiscence and chat [4, 2] , or the tangible companionship of social robots [27] . When a piece of technological design does seek to challenge a person with dementia, it is often in order to actively seek some larger goal of cognitive rehabilitation or training via gamification [37] ; these sorts of challenges have been criticized by [34] as creating the sorts of games that people will not want to play. We argue that there is an inbetween space to be designed for -one which does not rely on familiar or even intentionally 'old' interactions, but instead makes full use of the range of technological features and interactions now available to us in order to allow people with dementia to access a spectrum of sensory experiences. We draw this line in direct contrast with design research that aims to allow participants to reminisce or dwell on past memories, or research which aims only to focus on cognitive state. It can indeed be argued that restricting participants with dementia to a certain set of interactions is constitutive of the same sort of infantilisation people with dementia face all too often.
Implications for design
Given the relative newness of this area as an area for design and design research, the contribution of some future directions for the design of VR systems for people with dementia is warranted. This section lays out five future directions for design work in the area to ensure that these systems are designed in sensitive and enriching ways for people with dementia.
Pay attention to the physical design of systems.
Our findings point to a significant concern on the behalf of our participants regarding how they might look while wearing a strapped headset. We were demonstrating the VR experiences in a social setting -during an afternoon tea -and as such the presence of others in the room may have heightened these concerns for participants. However, beyond the "silly" look of the headsets, participants also expressed concerns about the weight of the headsets and preferred to use the handheld Google Cardboard. Future designs should take these presentation concerns into account, and perhaps think about how the headsets could be made to look more attractive and normal -e.g., by embedding the display into a set of binoculars, or a lorgnette.
Make room for shared experiences.
One of the greatest desire expressed by our participants was the wish for shared experiences with their loved ones. As dementia progresses and both memory and communicative abilities are affected, the opportunities for shared, meaningful interactions can become scarce. Many carers in our workshops expressed appreciation while watching their loved ones interact with the virtual worlds, and wished that they could have joined them in some way. Allowing carers to demo the system before the person with dementia tried it allowed carers to help direct their loved one around the environment by pointing out features easily missed. An easy addition of a screen displaying the same view as the headset could allow for even greater shared experiences; however, we must guard against implementing elements of testing into environments intended to be pleasurable. In interacting with Ruby and John, Ruby assumed that the VR experience was intended as a cognitive training tool and began to 'test' John's recall of the environment before we explained otherwise. To implement elements of training or testing into these environments would mean returning to a medicalized view of the person with dementia as a set of deficits, rather than a fully realized person with needs and desires.
Use the full spectrum of sensory experiences.
Age-related decline means that eyesight and other senses can also deteriorate alongside cognitive ability. However, the opposite can be true: as memory deteriorates or the ability to speak declines, sounds (including music) and physical touch can become extremely important. This has been elaborated upon at length by [38, 60] . In many of the cases above, we indicate how ambient sounds added a great deal to the nature landscapes we demonstrated, while music was a key part of personalizing the concert for Janet. Further building on spatial audio or other shared experience features means that these senses could be brought more meaningfully into these experiences in order to make the best use of the strengths and abilities remaining within the person with dementia.
Personalise the old and the new.
Our approach was to spend some time getting to know our participants in an initial workshop that would then give us enough information to tailor aspects of the resulting environments to the group's preferences. Due to time restraints, we only had time to do a focused tailored design for one set of participants, Thomas and Janet. However, it would be possible to build on the sorts of environments we created as 'templates' -beaches, parks, and concert hallsand build in a set of more specific elements that could be swapped in and out by carers. For instance, a sunny day at an island beach could become a misty day on a coastal shore, with the tweeting of birds becoming the cawing of seagulls; a concert featuring Shania Twain could easily become one with Leonard Cohen, and so on. Building these features into an interface which allowed a carer to configure these could also add to the sharing element which we discussed as important earlier.
Ensure the active inclusion of the participant with dementia.
Many of the stated risks of virtual reality point to a fear that the person with dementia could be 'hooked up' [42] to a VR system which replaces social interaction. With increasing reports concerning the rise of excess disability -disability incurred beyond the decline that could be expected through the condition of dementia -in our care homes, this fear is perhaps sensible. We therefore need to ensure that we take a critical approach to the VR environments we create for people with dementia; as we should do with any of the technologies we create [28] . In our findings section, Thomas paints a picture of the sort of VR system he would like to see for those with dementia -one where the person is able to revisit meaningful experiences not as a passive observer, but as the focal point who drives along the experience in all its richness. We need to ensure that VR experiences we create for people with dementia consistently have the person at their centre -not to provide a series of challenges, but always to enrich their lives and provide safe, comfortable, evocative experiences.
CONCLUSION
This paper has presented a study with 7 participants focusing on the design of novel virtual reality environments for people with dementia and their carers. Through iterative design workshops, including an extended engagement with a couple living with dementia, we discuss the design of three different VR environments. Our thematic analysis of textual data from these workshops has produced three themes: feeling foolish and feeling free, seeking to share new worlds, and blending the old with the new. We close with a discussion of five indications for future design in the area: 1) physical design of systems, 2) making room for sharing, 3) utilizing all senses, 4) personalization, and 5) positioning the person with dementia as an active participant. Finally, we call for design to occupy a new space in technologies for dementia -one which is not occupied by the past or focused on perceived cognitive deficits, but oriented towards the present and ready to make use of a full spectrum of interactivity.
